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(57) To give vibration to molten metal in a melt pool 
to enhance solidification efficiency of the molten metal. 

Substantially directly above meniscus (1 4) between 
molten metal (5) in a melt pool (4) and each of rolls, an 
AC electromagnet (1 5) is arranged over the entire length 
of said meniscus (14) so that magnetic flux runs sub- 
stantially perpendicular to a surface of the molten metal. 
Above the AC electromagnet (15), a DC electromagnet 
(16) is arranged over the entire length of the AC elec- 
tromagnet (15) so that magnetic flux runs substantially 
perpendicular to the surface of the molten metal. Under 
application of DC magnetic field by means of the DC 
electromagnet (1 6), an AC magnetic field is applied near 
the meniscus (14) between the molten metal (5) in the 
melt pool (4) and each of the rolls (1 and 2). As a result, 
induction current is generated in the molten metal 5 and 
high frequency vibration is applied to the molten metal 
(5) by Lorentz's force due to interaction between the in- 
duction current and the DC magnetic field. 
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Description 

BACKGROUND OF THE INVENTION 

The present invention relates to a method and ap- 
paratus for giving vibration to molten metal in twin roll 
continuous casting machine. 

In a twin roll continuous casting machine, between 
upper surfaces of opposite ends of a pair of rolls ar- 
ranged horizontally and in parallel with each other, seal 
plates called side dams are abutted to confine a melt 
pool above a nip between the rolls. Morten metal is sup- 
plied to the pool and is solidified on the roll surfaces. 
The rolls are rotated under this condition so that solidi- 
fied shells formed on the roll surfaces are pulled down 
together to directly cast a strip. 

Fig. 7 represents a conventional twin roll continuous 
casting machine. As shown in the figure, a pair of rolls 
1 and 2, which are internally coolable, are arranged hor- 
izontally and in parallel with each other with a predeter- 
mined nip. Between upper surfaces of opposite ends of 
the rolls 1 and 2, seal plates called side dams 3 are abut- 
ted to confine a meft pool 4 above the nip between the 
rolls 1 and 2. 

In order to supply the moften metal 5 to the pool 4, 
a tundish 6 is arranged above the pool 4 and has a pour- 
ing nozzle 7 protruded from the tundish 6 to the pool 4. 

Further, an inert gas chamber 8 is provided under 
the tundish 6 to surround the pool 4. The chamber 8 is 
partitioned into upper and lower portions by a straight- 
ening plate 9 such as punched plate and has inert gas 
inlets 11 arranged in the chamber 8 at positions above 
the plate 9 so as to supply inert gas 10 such as nitrogen 
or argon gas to the chamber for prevention of the molten 
metal 5 in the pool 4 from being oxidised. 

Reference numeral 12 denotes solidified shells on 
the surfaces of rolls 1 and 2; and 13, a produced strip. 

Thus, the molten metal 5 in the tundish 6 is supplied 
to the meft pool 4 via the nozzle 7 and is solidified on 
the surfaces of the rolls 1 and 2. Under this condition, 
the rolls 1 and 2 are rotated in the direction of the arrows 
shown in the figure so that the solidified shells 1 2 formed 
on the surfaces of the rolls 1 and 2 are pulled down to- 
gether to continuously cast the strip 13. 

Disadvantageousfy in the conventional twin roll 
continuous casting machine as described above, the 
produced strip 13 is so thin in thickness that its produc- 
tion yield per machine is lower than that of an ordinary 
slab continuous casting machine. For the purpose of in- 
creasing the production yield, measures are being taken 
into consideration such as designing a twin roll contin- 
uous casting machine itself in larger size or enhancing 
the productivity through drastic enhancement of the so- 
lidification efficiency and increase of rotating velocity of 
rolls. There is, however, limitation in terms of facilities 
and equipment to make a large-sized twin roil continu- 
ous casting machine and therefore there are strong de- 
mands on technical development of enhancing the so- 
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lidification efficiency for enhanced productivity. 

As means or measure for enhancing the solidifica- 
tion efficiency of molten metal, it has been reported in 
recent years that high frequency vibration of about 5 to 
10 kHz applied to molten metal remarkably enhances 
the solidification efficiency of the molten metal. The in- 
ventors have studied application of such solidification 
behaviour of molten metal to a twin roll continuous cast- 
ing machine. 

However, in attempt of mechanically vibrating the 
rolls 1 and 2 with respect to the molten metal 5 in the 
melt pool 4, mechanically vibrating the rotating rolls 1 
and 2 itserf is difficult to carry out. It is, therefore, prac- 
tically impossible to mechanically vibrate with very small 
amplitude in the order of microns to produce high fre- 
quency vibration of abo ut 5 to 10 kHz . 

The present invention was "made in view of the 
above and has its object to provide a method and an 
apparatus for giving vibration to moften metal in a twin 
roll continuous casting machine in which high frequency 
vibration can be applied to moften metal in a meft pool 
to enhance solidification efficiency of the molten metal. 

SUMMARY OF THE INVENTION 



Accordingly, the present invention provides a meth- 
od for giving vibration to moften metal in a twin roll con- 
tinuous casting machine, characterised in that, under 
application of DC magnetic field, AC magnetic field is 
30 applied near the meniscus defined by the molten metal 
in a melt pool and each of the rolls, thereby generating 
induction current in the molten metal, and high frequen- 
cy vibration is given to said molten metal by Lorentz's 
force due to interaction of said induction current with 
35 said DC magnetic field. 

The present invention further provides apparatus 
for giving vibration to molten metal in a continuous cast- 
ing machine, characterised in that an AC electromagnet 
is arranged substantially directly above the meniscus 
<to defined by the moften metal in a melt pool and a casting 
surface over the length of the meniscus such that mag- 
netic fluxes run substantially perpendicular to a surface 
of said molten metal and a DC electromagnet is ar- 
ranged over the length of said AC electromagnet such 
& that magnetic fluxes run substantially perpendicular to 
the surface of the molten metal. 

Preferably, the AC and DC electromagnets are held 
by water-cooled jackets, respectively. 

Therefore, in the method for giving vibration to mol- 
50 ten metal in a twin roll continuous casting machine ac- 
cording to the present invention, electromagnetic forces 
can be utilised to apply high frequency vibration on non- 
contact basis to the molten metal in a melt pool. As a 
result, remarkably improved is solidification efficiency of 
55 the moften metal, in particular, initial solidification effi- 
ciency near the meniscus. 

In the apparatus for giving vibration to moften metal 
in a continuous casting machine according to the 
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present invention, the DC electromagnet is energised to 
appiy the DC magnetic field to the molten metal in the 
molten metal pool and the AC electromagnet is ener- 
gised to apply the AC magnetic field near the meniscus 
of said molten metal and the casting surface or surfaces. 
As a result, induction current (eddy current) running ax- 
ially of the rolls, which is generated in the molten metal 
by said AC magnetic field, interacts with said DC mag- 
netic field to generate Lorentz's force in horizontal di- 
rection perpendicular to the direction of magnetic fluxes 
of the DC magnetic field and perpendicular to the flowing 
direction of the induction current according to Fleming's 
rule, and the molten metal is vibrated with high frequen- 
cy in accordance with AC frequency by Lorentz's force. 

Further, when the AC and DC electromagnets are 
held by watercooled jackets, respectively, the AC and 
DC electromagnets can be protected from heat of the 
molten metal. 

The AC electromagnet may comprise an elongated 
comb-like core having an elongated plate-like body and 
a plurality of equispaced projections extending from a 
longitudinal edge thereof, and an AC coil wound around 
the outer periphery of the core. 

In an alternative embodiment, the AC electromag- 
net may comprise a plurality of rod-like cores, each core 
having an AC coil wound cylindrically therearound. 

The present invention further provides a method of 
continuously casting metal strip comprising. 

introducing molten metal into a nip between a pair 
of parallel casting rolls via metal delivery means dis- 
posed above the nip to create a casting pool of mol- 
ten metal supported on casting surfaces of the rolls 
immediately above the nip; 
counter-rotating the casting rolls to deliver a solidi- 
fied metal strip downwardly from the nip; 
applying a DC magnetic field and an AC magnetic 
field to the molten metal of the casting pool to induce 
high frequency relative vibratory movement be- 
tween the molten metal of the casting pool and the 
casting surfaces of the rolls. 



Preferably the AC magnetic field is applied near a 
meniscus defined by the molten metal of the casting 
pool and the casting surface of the rolls. 

Preferably further the AC magnetic field is applied 
by means of a pair of AC electromagnets, each AC elec- 
tromagnet being disposed above the surface of the cast- 
ing pool near a respective roll and extending substan- 
tially parallel thereto. 

The present invention further provides apparatus 
for continuously casting metal strip comprising a pair of 
parallel casting roils forming a nip between them, metal 
delivery means for delivery of molten metal into the nip 
between the casting rolls to form a casting pool of molten 
metal supported on casting roll surfaces immediately 
above the nip, roll drive to drive the casting rolls in coun- 
ter-rotational direction to produce a solidified strip of 
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metal delivered downwardly from the nip, and vibration 
means operable to induce high frequency relative vibra- 
tory movement between the molten metal of the casting 
pool and the casting surfaces of the rolls, wherein the 
vibration means comprises means to provide an AC 
electromagnet field and means to provide a DC electro- 
magnet field, said AC electromagnet means being ar- 
ranged substantially directly above the molten metal of 
the casting pool and extending along the length of the 
casting pool such that magnetic fluxes run substantially 
perpendicular to the surface of the molten metal, and 
said DC electromagnet means is arranged over the 
length of said AC electromagnet means such that mag- 
netic fluxes run substantially perpendicular to the sur- 
face of the molten metal. 

Preferably the AC electromagnet means is ar- 
ranged substantially above the meniscus defined by the 
molten metal of the casting pool and the casting surfac- 
es of the rolls over the length of the meniscus. 

The AC electromagnet means may comprise an ^ 
elongated cornb-likecore.havte elongated plate-like / 
body and a plurality of equispaced projections extending / 
from a longitudinal edge thereof, and an AC coil wound / 
around the outer periphery of the core. / 

In an alternative embodiment, the AC electromag- 1 
net means may comprise a plurality of rod-like cores, 
each core having an AC coil wound cylindrically there- 
around. 

Preferably the AC electromagnet means comprises 
an AC electromagnet provided along each of the rolls. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Embodiments of the present invention will now be 
described in conjunction with the drawings. 



Fig. 1 A front view in section of an embodiment of 
the present invention. 

Fig. 2 A perspective view of the AC electromagnet 
shown in Fig. 1 . 

Fig. 3 A enlarged front view for explaining applied 
direction of Lorentz's force to the molten met- 
al. 

Fig. 4 A view for explaining adjustment of flux distri- 
bution in an AC magnetic field by use of a non- 
magnetic screen. 

Fig. 5 An enlarged cross-sectional view of another 
embodiment of the AC electromagnet illus- 
trated in Fig. 2. 

Fig. 6 A perspective view of another embodiment of 
the present invention. 

Fig. 7 A front view in section of a conventional ap- 
paratus. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Figs. 1 to 4 represent an embodiment of the present 
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invention. 

The same components as those shown in Fig. 7 are 
referred to by the same reference numerals. 

Substantially directly above meniscus 14 (where 
surface of a molten metal 5 contacts the surface of each 
of rolls 1 and 2) defined by the moften metal 5 in a melt 
pool 4 above the nip between the rolls 1 and 2 and by 
each of the rolls 1 and 2, an AC electromagnet 15 is 
arranged over the entire length of the meniscus 14 so 
that magnetic fluxes run substantially perpendicular to 
the surface of the molten metal 5. Above the AC elec- 
tromagnet 15, a DC electromagnet 16 is arranged over 
the entire length of the AC electromagnet 15 such that 
magnetic fluxes run substantially perpendicular to the 
surface of the moften metal 5. 

Each AC electromagnet 1 5 comprises, as shown in 
Fig. 2, an AC coil which is wound substantially horizon- 
tally around an outer periphery of an elongated plate- 
like core 26. The core 26 extends axially of the roll 1 and 
2 (only the roll 2 is shown in Fig. 2) and the AC coil 17 
is connected to an AC power source (not shown) outside 
of an inert gas chamber 18 which surrounds the coil 17. 

The DC electromagnet 16 comprises a DC coil 20 
which is wound substantially horizontally around upper 
and outer periphery of a pouring nozzle 19 extending 
axially of the rolls 1 and 2 and which is connected to a 
DC power source (not shown) outside the chamber 18. 

Further, in this embodiment, the electromagnets 15 
and 16 are held by water-cooled jackets 21 and 22, re- 
spectively, and are cooled by coolant water supplied to 
and discharged from each of the jackets 21 and 22 from 
and to the outside of the chamber 18. The jacket 21 for 
the AC electromagnet 15 is supported by a support 23 
which extends axially of the rolls 1 and 2 and which is 
fixed at its opposite ends to front and rear walls of the 
inert gas chamber 18. The jacket 22 for the DC electro- 
magnet 1 6 is supported by the nozzle 1 9 and by the bot- 
tom of the tundish 6. 

In Fig. 1, reference numeral 24 represents heat in- 
sulating material which is used for thermal insulation be- 
tween the nozzle 1 9 and bottom of the tundish 6 and the 
water-cooled jackets 21 and 22. 

Thus, the DC electromagnet 16 is energised to ap- 
ply DC magnetic field on the molten metal 5 in the melt 
pool 4 and the AC electromagnet 15 is energised to ap- 
ply AC magnetic field near the meniscus 14 defined by 
the molten metal 5 and each of the rolls 1 and 2. Then, 
induction current (eddy current) flowing axially of the 
rolls 1 and 2, which is generated in the molten metal 5 
by said AC magnetic field, interacts with the DC mag- 
netic field to generate Lorentz's force in horizontal di- 
rection (shown by the arrow B in Fig. 3) perpendicular 
to the direction of magnetic fluxes of the DC magnetic 
field (shown by the arrow A in Fig. 3) and perpendicular 
to the flowing direction of the induction current (perpen- 
dicular to the paper plane of Fig. 3) according to Flem- 
ing's rule. Said Lorentz's force gives vibration to the mol- 
ten metal 5 with high frequency of about 5 to 10 kHz in 



accordance with AC frequency. 

In this case, a non-magnetic screen 25 may be in- 
serted as shown in Fig. 4 to adjust magnetic flux distri- 
bution in the AC magnetic field so as to ensure better 
5 applied position and intensity of the Lorentz's force. 

Therefore, according to the above embodiment, 
electromagnetic forces are utilised to give high frequen- 
cy vibration on non-contact basis to the molten metal 5 
in the melt pool 4 to thereby remarkably enhance the 
io solidification efficiency of the molten metal 5, in partic- 
ular, initial solidification efficiency near the meniscus 14. 
This enables increase of rotating velocity of the rolls, 
thereby drastically enhancing the productivity. 

Additionally, enhancement of the solidification effi- 
'5 ciency of the moften metal 5 can enhance separability 
of the solidified shells 12 from the surface of the rolls, 
which contributes to improved surface property of the 
strip 1 3. 

Further, when the AC and DC electromagnets 15 / 
20 and 16 are held by the water-cooled jackets 21 and 22 \ 
as shown in the present embodiment the electromag- / 
nets 1 5 and 1 6 can be protected from heat of the molten / 
metal 5, which contributes to drastic enhancement of 
durability of the electromagnets 1 5 and 1 6. ' 
25 Fig. 5 represents another embodiment of the AC 
electromagnet illustrated in Fig. 2. The AC electromag- 
net as illustrated in Fig. 5 comprises an elongated comb- 
like core 36 having an elongated plate-like body and a 
plurality of equi-spaced projections extending from one 
30 longitudinal edge thereof, and an AC coil 27 which is 
wound substantially horizontally around an outer periph- 
ery of the plate-like body of the core 36. 

In relation to the amplitude of vibration of the molten 
metal, it has been found that the smaller the pitch (p) of 
& the AC magnetic field, the greater the amplitude be- 
comes. Thus the smaller the pitch between adjacent 
projections, the more effective the core becomes in pro- 
viding greater amplitude. However too small a pitch be- 
tween projections would lead to a uniform magnetic 
40 field. It has been found that a projection pitch of 5 mm 
produces an effective vibration of the molten metal of 
the pool. 

Fig. 6 represents another embodiment of the 
present invention in which the AC electromagnet 15, 
45 which is arranged substantially directly above the me- 
niscus 14 so that magnetic fluxes run substantially per- 
pendicular to the surface of the molten metal 5, com- 
prises a plurality of AC coils 37 each of which is wound 
cylindrical^ around a rod-like core 46. Also in this case, 
^o an AC magnetic field similar to that in the above embod- 
iment can be formed so that induction current (eddy cur- 
rent) running axially of the rolls 1 and 2 can be generated 
to give high frequency vibration to the moften metal 5 in 
the melt pool 4. 

55 It is needless to say that the method and the appa- 
ratus for giving vibration to molten metal in a twin roll 
continuous casting machine according to the present in- 
vention are not limited to the above embodiments and 
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that various changes and modifications may be made 
without departing from the spirit and the scope of the 
invention. For example, the means to provide the AC 
electromagnetic field may be in the form of one AC elec- 
tromagnet extending the length of the casting pool. 

According to the method and the apparatus for giv- 
ing vibration to molten metal in a twin roll continuous 
casting machine of the present invention, various su- 
perb effects as given below can be attained. 

(I) Since electromagnetic forces are utilised to give 
high frequency vibration on non-contact basis to the 
molten metal in the mett pool, solidification efficien- 
cy of the molten metal, in particular, initial solidifica- 
tion efficiency near the meniscus can be remarkably 
enhanced, which enables increase of rotating ve- 
locity of the rolls to drastically improve productivity. 

(II) Enhancement of solidification efficiency of the 
molten metal enhances separability of the solidified 
shell from the roll surfaces, which contributes to im- 
proved surface property of the produced strip. 

(III) In the apparatus for giving vibration to molten 
metal in a twin roll continuous casting machine of 
the present invention, when the AC and DC electro- 
magnets are held by the water-cooled jackets, the 
electromagnets can be protected from heat of the 
molten metal, which contributes to drastic enhance- 
ment of durability of the electromagnets. 

Claims 

1 . A method of continuously casting metal strip com- 
prising: 
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introducing molten metal (5) into a nip between 
a pair of parallel casting rolls (1 ,2) via metal de- 
livery means (19) disposed above the nip to 
create a casting pool (4) of molten metal (5) 
supported on casting surfaces of the rolls (1 ,2) 
immediately above the nip; 
counter-rotating the casting rolls (1,2) to deliver 
a solidified metal strip ( 1 3) downwardly from the 

applying a DC magnetic field and an AC mag- 
netic field to the molten metal (5) of the casting 
pool (4) to induce high frequency relative vibra- 
tory movement between the molten metal (5) of 
the casting pool (4) and the casting surfaces of 
the rolls (1,2). 

A method as claimed in claim 1 wherein the AC 
magnetic field is applied near a meniscus (14) de- 
fined by the molten metal (5) of the casting pool (4) 
and the casting surface of the rolls (1 ,2). 

A method as claimed in claim 1 or claim 2 wherein 
the AC magnetic field is applied by means of a pair 
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of AC electromagnets (15), each AC electromagnet 
(15) being disposed above the surface of the cast- 
ing pool (4) near a respective roll (1 ,2) and extend- 
ing substantially parallel thereto. 

Apparatus for continuously casting metal strip com- 
prising a pair of parallel casting rolls (1,2) forming 
a nip between them, metal delivery means (19) for 
delivery of molten metal (5) into the nip between the 
casting rolls (1 ,2) to form a casting pool (4) of molten 
metal (5) supported on casting roll surfaces imme- 
diately above the nip, roll drive to drive the casting 
rolls in counter-rotational direction to produce a so- 
lidified strip (13) of metal delivered downwardly 
from the nip, and vibration means operable to in- 
duce high frequency relative vibratory movement 
between the molten metal (5) of the casting pool (4) 
and the casting surfaces of the rolls, wherein the 
vibration means comprises means (15) to provide 
an AC electromagnet field and means (16) to pro- 
vide a DC electromagnet field, said AC electromag- 
net means (15) being arranged substantially direct- 
ly above the molten metal (5) of the casting pool (4) 
and extending along the length of the casting pool 
(4) such that magnetic fluxes run substantially per- 
pendicular to the surface of the molten metal, and 
said DC electromagnet means (1 6) is arranged over 
the length of said AC electromagnet means (15) 
such that magnetic fluxes run substantially perpen- 
dicular to the surface of the molten metal. 

Apparatus as claimed in claim 4 wherein said AC 
electromagnet means (15) is arranged substantially 
above the meniscus (1 4) defined by the molten met- 
al (5) of the casting pool (4) and the casting surfaces 
of the rolls (1,2) over the length of the meniscus 
(14). 

Apparatus as claimed in claim 4 wherein the AC and 
DC electromagnet means (1 5,16) are held by water 
cooled jackets (21,22), respectively. 

Apparatus as claimed in claim 5 wherein the AC and 
DC electromagnet means (15,16) are held in water 
cooled jackets (21 ,22), respectively. 

Apparatus as claimed in any one of claims 4 to 7 
wherein the AC electromagnet means (1 5) compris- 
es an elongated comb-like core (36) having an elon- 
gated plate-like body and a plurality of equispaced 
projections extending from a longitudinal edge 
thereof, and an AC coil (27) wound around the outer 
periphery of the core (36). 

Apparatus as claimed in any one of claims 4 to 7 
wherein the AC electromagnet means (1 5) compris- 
es a plurality of rod-like cores (46), each core (46) 
having an AC coil (37) wound cylindrical^ therea- 
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round. 

10. Apparatus as claimed in any one of claims 4 to 7 
wherein the AC electromagnet means (1 5) compris- 
es an AC electromagnet (15) provided along each 
of the rolls. 

11. Apparatus as claimed in claim 10 wherein the AC 
electromagnet (15) comprises an elongated comb- 
like core (36) having an elongated plate-like body 
and a plurality of equispaced projections extending 
from a longitudinal edge thereof, and an AC coil (27) 
wound around the outer periphery of the core (36). 

12. Apparatus as claimed in claim 10 wherein the AC 
electromagnet (15) comprises a plurality of rod-like 
cores (46), each core (46) having an AC coil (37) 
wound cylindrically thereon. 



coil (37) wound cylindrically therearound. 

1 8. Apparatus as claimed in claim 1 4or claim 1 5 where- 
in an AC electromagnet (15) is provided along each 
of the roils (1 ,2). 

19. Apparatus as claimed in claim 16 wherein an AC 
electromagnet (15) is provided along each of the 
rolls (1,2). 

20. Apparatus as claimed in claim 17 wherein an AC 
electromagnet (15) is provided along each of the 
rolls (1,2). 



13. A method for giving vibration to molten metal in a 20 
twin roll continuous casting machine, characterised 

in that, under application of DC magnetic field, AC 
magnetic field is applied near the meniscus (14) de- 
fined by the molten metal (5) in a melt pool (4) and 
each of the rolls (1 ,2), thereby generating induction 25 
current in the molten metal (5), and high frequency 
vibration is given to said molten metal (5) by 
Lorentz's force due to interaction of said induction 
current with said DC magnetic field. 

30 

14. Apparatus for giving vibration to molten metal in a 
continuous casting machine, characterised in that 
an AC electromagnet (15) is arranged substantially 
directly above the meniscus (14) defined by the 
molten metal (5) in a melt pool (4) and a casting 35 
surface over the length of the meniscus (14) such 
that magnetic fluxes run substantially perpendicular 

to a surface of said molten metal (5) and a DC elec- 
tromagnet (16) is arranged over the length of said 
AC electromagnet (15) such that magnetic fluxes 40 
run substantially perpendicular to the surface of the 
molten metal. 



15. Apparatus as claimed in claim 14, wherein the AC 
and DC electromagnets (1 5,1 6) are held by water- 45 
cooled jackets (21,22), respectively. 

1 6. Apparatus as claimed in claim 1 4 or claim 1 5 where- 
in the AC electromagnet (1 5) comprises an elongat- 
ed comb-like core (36) having an elongated plate- so 
like body and a plurality of equispaced projections 
extending from a longitudinal edge thereof, and an 

AC coil (27) wound around the outer periphery of 
the core (36). 

55 

1 7. Apparatus as claimed in claim 1 4 or claim 1 5 where- 
in the AC electromagnet (15) comprises a plurality 
of rod-like cores (46), each core (46) having an AC 



EP 0 754 515 A1 




* 



EP 0 754 515 A1 





17 




26 




16 



B 




EP 0 754 515 A1 




ST. 4 



27 



15 



U U U UTJ 

15^ 



U UTJ 




j 



EP 0 754 515 A1 




European Patent 
Office 



EUROPEAN SEARCH REPORT 



Appb'catKM N&abcr 

EP 96 30 4545 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category) Citation of document with bdication, where appropriate, 
of relevant passages 



Kct^t^ HEAVY 
INDUSTRIES COMPANY LIMITED) 

* page 16-17; claim 1 * 

US-A-4 523 628 (C. VIVES) 

* claim 1 * 

PATENT ABSTRACTS OF JAPAN 

1987 911 ' "°" 278 (M - 623 >' 9 Septenter 

& JP-A-62 077158 (NIPPON STEEL 
C0RP;0THERS: 01), 9 April 1987, 

* abstract * 

PATENT ABSTRACTS OF JAPAN 

vol. 95, no. 003, 31 July 1995 

& JP-A-07 060409 (MITSUBISHI HEAVY IND 

LTD), 7 March 1995, 

* abstract * 



Relevant I CLASSIFICATION OF THE 
to claim | APPLICATION (Int Ct6) 



1,4,13, 
14 



1 



B22D11/06 



1 



1 



TECHNICAL FIELDS 
SEARCHED (tetCL6> 

B22D 



The present search report has been drawn up for at] claims 



Ftaet of tcarta 

BERLIN 



Date*/ 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

V : partial tarty relevant if combined with another 

document of the sane category 
A : technological background 
O : non-written disclosure 
P : intern elate document 



28 October 1996 



Sutor, W 



T : theory or priadple oodertyiog the invention 
t : earlier patent document, bm published on, or 

alter the filing date 
p : doc&nent cited in the application 
L : document dted for other reasons 



: member of the 
document 



patent family, corresponding 



